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1.2.1 3 p�q�r s't,u
vhw ��! $ %'&,(�x�$ %'&,(+*�[24

x = (x1, x2, x3)

*zyA3a4k3{idS�=|BhCd}h~ �h! (
g 7��a�AS g�� 4 ; U ����� ld� 7 ��� ) �h�A�hrjs�t�u (vector)

�

x =







x1

x2

x3







*zyJY�8 3 "A#h$j%�&�(d�A� ���d� b R3
�k� [z= 3 pdqhras�t�uh�a� (3–dimensional vector space)

*F3 � 8��� �dg 7�$ %�&�(�-a/ *kU � # ��g 7�$ %�&,( b Rd�h� *��2� �hR Mk3��aS�3 7 �����d���h�� 7�Q�8�  02¡ ����� b � ��¢�£
{

x ∈ R3
∣

∣ x
!

· · ·
�2¤�¥ b2c 1 }

02¦h� � 7 V 0 (
�2� ¢�£ ! ¡ � - / �2§ �2¨'©«ª'� )8

3 "�#�$ %'&,(�- /�0 !2¬ *F�®h¯ S2° ± �2V 02²�³+HFI 728
x =







x1

x2

x3






, y =







y1

y2

y3






02Z+[ ¬ b

x + y =







x1 + y1

x2 + y2

x3 + y3







� =a´�i2�® α *F$ %'&,( x 02Z+[F�®�¯ b

αx =







αx1

αx2

αx3
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*F²h³ � 728¬ *F�®�¯ 0�µ [24 ! " � 8 1 �2¤�¥ S2¶�· ¸ ��g 728
¹�º

1.7 (1) [ » ��¼�½ ] ¾ �j� $ %'&,( x, y, z 02Z+[ (x + y) + z = x + (y + z)

(2) [ ¿�À ¼�½ ] ¾ � � $ %'&,( x, y 02Z+[ x + y = y + x

(3) [ Á.$<%'&)( �2ÂOÃ ] ÁO$<%'&)(Ä*2Å.Æ�I<72$J%Ç&,( 0 S Â.Ã [24A¾ �<� $J%Ç&,(J0�1�3<4
x + 0 = x

(4) [ È�$ %�&,( ��Â�Ã ] ¾ �j� $ %�&,( x 02Z+[zÈ�$ %'&�(+*2ÅhÆ2I 7�$ %'&,( −x S Â�Ã [24
x + (−x) = 0

(5) [ $ %'&,( 0�µ � 7 ��É�¼�½ ] ¾ � � $ %'&,( x, y *F¾ � � �® α 02Z+[
α(x + y) = αx + αy

(6) [ �®�¯ 0�µ � 7 ��É�¼�½ ] ¾ �a� $ %'&,( x *z¾ � � �® α, β 02Z+[
(α + β)x = αx + βx

(7) [ �®�¯ 0�µ � 7�» ��¼�½ ] ¾ �a� $ %'&,( x *z¾ � � �® α, β 02Z+[
(αβ)x = α(βx)

(8) [ Ê�Ë�¯ ] ¾ � � $ %'&,( x *F�® 1 02Z+[ 1x = x

Ì�ÍaÎ2º
1.11 Ï�Ð 1.7

b2Ñ Ò2Ó+Ô 8
��� Ï�Ð 1.7

b2Õ�Ö @ *�× � i �h! 2 1 � � ��S g 728 1 1 ! $ %'&,( �2ØaÙd�A¤d¥ ! �2� 8 1�2¤�¥ � PFÚ � IJ72Q ��g 728OÛ o�Æ2¾ � � $ %�&,( x 02Z+[ 0x = 0
b2Ñ Ò [24�Ü Ô � 8 ´2mA=

(6)
Ô ©

0x = (0 + 0)x = 0x + 0x S2Ý P Ia728 �2��Þkß 0 −(0x)
b2à o�42= ¤�¥ (3), (4)

b2á 3
7 *

0 = 0x

S2Ý P I 728Ì�ÍaÎ2º
1.12 " b Ï�Ð 1.7

� PFÚ â 8
(1) −x = (−1)x

(2) ¾ � � �® α 02Z+[ α0 = 0

N � 1 1 !2; 02$ %'&�(�- / b2ã NFEjG [2i�>�? @2$a%'&,(d- / ( ´�i ! B�Ch- / )
b n o�7�Sk=

E G !a�2�k¤�¥ b N�1+N � � 6 4 b B�Cd- /a*Fnao�7kQ ��ä l Ia728 �2� Q ! ´hihU � * R 0 �d�� 7�8

1.2.2 å�æ�� �
3 "�#�$ %'&,(�- / R3

� - � M23�¡ ����� W S ¬ *F�®�¯ 0Oµ [24�ç è2423 7 * R U �����! U�I+éFê�$ %'&,(�- / *FW 7 � *2S ��R 728�1 ´ © " b ²�³ � 728
ë�ì

1.8 R3
� ¡ ���h� W S2" � 3 1 �2í�î bkï i � * R W

!
R3
� å�æ�� � (subspace)

��g
7 *z3 � 8
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(1) W 6= Ø

(2) ¾ � � $ %'&,( x, y ∈ W 02Z+[ x + y ∈ W

(3) ¾ � � $ %'&,( x ∈ W *F¾ � � �® α 02Z+[ αx ∈ W

¹�º
1.9 ¡ � - / W 02Z+[242Ï�Ð 1.7

�
8 1 �2¤�¥ S2ð�ñ � 728

ò ó
(3), (4) °�ô ! ��� ��� � R3

� ð�ñ � 7 ��� = U � ¡ ����� ��g 7 W
� ð�ñ � 728

W
! - ��� � M23 ��� = W 02õ � 72$ %'&�( x0 S Â�Ã � 728 (−1)x0 N W 02õ+[F=

0 = x0 + (−1)x0 N W 02õ � 7�8öh÷ ø Ð 1.12
Ô © = −x = (−1)x *�M�7 ��� W

� ¾ � � $ %'&,( x 02Z+[ −x N W 02õ �
728
Ì�ÍaÎ2º

1.13 " �2��� � ¡ � - /�0�M�7 N ��!aù I � n o Ô 8

(1) W1 =

















x1

x2

x3






∈ R3

∣

∣

∣

∣

∣

∣

∣

x1 − x2 + x3 = 0











(2) W2 =

















x1

x2

x3






∈ R3

∣

∣

∣

∣

∣

∣

∣

x1 − x2 + x3 = 1











(3) W3 =

















x1

x2

x3






∈ R3

∣

∣

∣

∣

∣

∣

∣

x1 + x2 = 0, x2 − 3x3 = 0











(4) W4 =

















x1

x2

x3






∈ R3

∣

∣

∣

∣

∣

∣

∣

x1 + x2 = 0











(5) W5 =

















x1

x2

x3






∈ R3

∣

∣

∣

∣

∣

∣

∣

x1 + x2 = x3x1











(6) W6 =

















x1

x2

x3






∈ R3

∣

∣

∣

∣

∣

∣

∣

x1x2 = x2x3











(7) W7 = R3

(8) W8 = {0}

R3
� $.%�&ú( b 1 1�ûü² � 7ý8TU � $.%þ&ú( � A®�¯ � o P I.7ÿ${%�&ú( �A� �ÿ��� {

y ∈ R3
∣

∣ y = αx, α ∈ R
}

b
〈x 〉

�2� � 8
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� � 02$ %'&,( x1, . . .xn S�� o P I ia* R =
x =

n
∑

i=1

αixi = α1x1 + α2x2 + · · ·+ αnxn

��� � $ %�&,( b x1, . . . , xn

�
1 p��	� (linear combination) *F3 � 8 x1, . . . , xn

�
1 "�» � �

� �����
W = {α1x1 + · · ·+ αnxn | α1, . . . , αn ∈ R }

! ¡ � -a/�0dM�7 (Ï�Ð 1.10 
�� )8 � I b x1, . . . , xn 0 Ô � 4��� (generate) HFIj72¡ � - /j*
3�3h= 〈x1, . . . , xn 〉 *Fy+Y�8
¹�º

1.10 W = 〈x1, . . . , xn 〉
! ¡ � - /�0�M�728

ò ó
α0, . . . , αn

b � 6 4 b 0 * � 7 *F= 0 = 0x1 + · · ·+ xn ∈ W M ��� = W 6= Ø
��g 728

W
�<P ¾ � 0 2 1 � $<%'&)( x, x′

b * � 4<YA7 *T=�.® α1, . . . , αn, α′

1, . . . , α
′

n
S ÂOÃ [24

x = α1x1 + . . . + αnxn, x′ = α′

1
x1 + . . . + α′

n
xn *Fy â 728 �2� * R

x + x′ = (α1 + α′

1)x1 + . . . + (αn + α′

n
)xn

M �h� = x + x′ ∈ W
��g 728

W
� ¾ � � $ %'&,( x = α1x1 + . . . + αnxn *F¾ � � �® α 02Z+[

αx = (αα1)x1 + · · ·+ (ααn)xn

M �h� αx ∈ W
��g 728

2 1 � ¡ � - / W1 * W2 02Z+[2U ��� (sum)
b

W1 + W2 = {x + y | x ∈ W1, y ∈ W2 }

� ²h³ � 728�$ %'&,( ����� *�� è ¢�£�� +� b�� � 4 ! 3 7�S ��� S�� � Q 0 ��� 8Ì�ÍaÎ2º
1.14 2 1 � ¡ � - / W1, W2 02Z [ W1 + W2 * W1 ∩W2

� 3�mhI+NF¡ � -a/�0�Md7
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